SUMMARY A new series of equations is presented for predicting the adult height of a child given present height and bone age. These equations (TW height prediction, Mark 11) which replace the ones given in 1975 (TW height prediction, Mark I) are based on larger numbers of normal children, and more importantly on a sample that includes, for the first time, numbers of very tall, very short, and very growth-delayed children. In addition, equations are given for use when the increment of height or bone age, or both, over the previous year is known. These variates improve the prediction at most ages over 8 years in girls and 11 years in boys. The previously given parental allowance has been dropped.
Typically 95% of the predictions lie within ±8 cm of the real value for boys aged 10 years, falling to ±6 cm for boys aged 15 years, or ±4 cm if their previous height increment is known. For premenarcheal girls the predictions lie within about ±6 cm at age 8 years; a figure which diminishes little till 13 years unless height and bone age increments are known, when it reaches ±4 cm at 13 years. For postmenarcheal girls the predictions are substantially more accurate.
The prediction of adult height is a useful part of the therapeutic armamentarium of the paediatricianparticularly of the paediatric endocrinologist. In small, growth-delayed boys an accurate prediction is a powerful reassurance and an essential monitor if anabolic steroids are given. In tall girls the prediction is an important element in the decision whether or not to give oestrogens.
Yet all current methods of predictionl-3 suffer from a crucial fault in precisely these two situations. They are based exclusively on samples of normal children, selected more or less at random from the community, and followed from preschool days to adulthood. These samples include scarcely any very tall, very short, or very delayed children. Thus, applying the standard prediction equations to such children represents an extrapolation into areas where they may not continue to be valid-in fact, in clinical practice, we have been struck by the frequency with which rather large errors occur, especially in the case of (untreated) tall girls.
We have therefore revised our 1975 height prediction equations,2 this time including numbers of very tall and very short children in the standardising group. Such children, followed in the Growth Disorder Clinic to adulthood, were not available in 1975. In addition, we have examined afresh the range of possible predictor variables and have improved the predictions at certain ages by including more than one measurement of height and of bone age, where these are available.
Subjects
The standardising groups were as follows:
Random sample boys. Sixty nine boys of the Harpenden growth study (HGS)4-8 and 41 boys of the International Children's Centre London longitudinal growth study (ICC)9-10 who had been followed till growth in height had virtually stopped were included. Our The HGS children entered the study at various ages from 3 to 10 years; they were measured at 6 monthly intervals till puberty, 3 monthly intervals during puberty, and yearly intervals thereafter. The ICC children entered the study at birth and from age 2 were measured at annual intervals. These two sets of children are those on whom the 1975 predictions were based (less 6 boys and two girls). The ballet school girls were exceptional in being measured once only as children, at ages between 9 and 12 years. The Growth Disorder Clinic children entered at various ages (mostly between 12 and 16 years in boys, 9 and 13 years in girls) and were measured at intervals of 6 months, one year, or two years.
The number of subjects at each age is shown in Table 1 . Each child had his measurement referred to the nearest half year point (6-0, 6-5 etc.) from age Adult   66  31  66  32  76  36  75  44  80  66  46   1  82  18  47  20  72  52  51   50  74  57  47  44  66  43  42  35  55  17  31  4  61  12  16  1  55  8  4  2  19  5   2  0  0   110   0  0  0  0  0  0  0  3  1  0  1  2  0  2  0  0  1°2   0  2  1  1  1   2  5  2  3  9  4  5  3   11   8  10  2  7  2  5  2  5  3  5  1   3  2   66  31  66  32  76  36  75  47  81  66  47  3  82  20  47  20  73  54   51   52  75  58  48  46  71  45  45  44  59  22  34  15  69  22  18  8  57  13  6  7  22  10  3  3 We have constructed equations, firstly for each of the age points listed in Table 1 and secondly (because of the small numbers present at some age points and the potential convenience to the user) for whole year 'bands' (that is for age 10+ years, which includes the data for 10-0, 10-25, 10 50, and 10.75; age 11+ years, and so on). Since most subjects entered more than once in such a classification, and this is undesirable in establishing the standard errors of estimate, we have included only one value for each individual in each whole year age 'band', the value being chosen by computer, using a pseudo-random number generator, from among the two, three, or four values present. We have run a number of replicates to assess the differences made by successive random selections. Differences in the standard errors of estimate averaged around 2 % and rose as high as 5 % in a few cases. In this whole-year series the subject's exact chronological age entered the estimation equation, which thus included linear and non-linear combinations of height, bone age, and exact chronological age.
Each series (point-year, whole-year) generates a series of equations with coefficients for height, bone age etc that change from one age to the next. In order to smooth the age progression, specifically in the whole-year series, we calculated equations for overlapping whole-year ages, that is 9*0+ (9*0, 9*5), 9-5+, (9-5, 10-0) 10 and interactions. In girls aged 11 and over the equations were calculated separately for premenarcheal and postmenarcheal subjects. The equations were computed both for the age-point groups given in Table 1 , and for whole-year age groups. In the former case, CA was omitted in the calculation since the range of exact CA at each age-point was very small. Equation (i). In the whole-year age groups the inclusion of the CA term was essential at all ages. The RUS term improved considerably the prediction, beginning at age 8 years in boys and 6 in girls. It became progressively more important at older ages, and from 13 years onwards in boys and 10 onwards in girls it contributed more to the prediction than did CA. The interaction terms (H x RUS), (CA x RUS), and (H x CA) did not contribute significantly at any age.
The distributions of the residuals (actual less predicted adult height) were examined at each age. None departed grossly from normality or homoscedasticity. The residual SDs were on average no larger in the whole-year series than in the age-point series, so the inclusion of the CA term in the wholeyear series compensated adequately for the broadening of the age categories. The correlation coefficients were on average a little higher in the whole-year series.
Two related equations were also examined-Y a function of H, H,2 CA, and RUS; and log Y a function of H, CA, and RUS-to see if either improved significantly the average prediction or the distribution of the residuals. They did not. Equation (ii). In this series of equations A H, the increment of height during the previous year, was included. It improved the prediction significantly at ages 12 and 13 years in the boys, and at 8, 9, 10, and 11 years in the girls. In postmenarcheal but not in premenarcheal girls, it also improved the prediction at 12, 13, 14, and 15 years. The decrease of the residual SD was of the order of 5% in the premenarcheal girls and 30 % in the postmenarcheal. Equation (iii). The inclusion of A RUS, the bone age increment during the previous year, failed to improve the prediction at any age in boys. In girls it caused an appreciable lowering of the residual SD; in premenarcheal girls at ages 13 and 14 years and in postmenarcheal girls at ages 12 and 13 years. The reduction amounted to about 15 %. Equation (iv). The effects of including A H and A RUS in girls were independent of one another so that including both gave the best combination among all the equations examined. In some age groups the diminutions of the residual SD using equation (iv) compared with equation (i) were striking. In 13 year old premenarcheal girls the residual SD diminished from 2 84 cm to 2.33 cm and in 13 year old postmenarcheal girls from 1 * 73 cm to 1 22 cm.
Menarche. The separation into pre-and postmenarcheal makes a large difference to the accuracy of prediction in that the final height of postmenarcheal girls is much more accurately predicted than that of premenarcheal girls of the same chronological age, or even of the same bone age. This remains true even when A H and A RUS are included: at age 14 years for example, using equation (iv), the residual SD for premenarcheal girls still remains 2.0 cm (R=0.94), whereas for postmenarcheal girls it is 0*9 cm (R= 0 99).
We have investigated whether adding in the actual number of years since menarche further improved the already good prediction for postmenarcheal girls. ( Table 3 .1b). In the latter group the prediction may be improved slightly by adding an extra term in the regression equation to represent the actual time elapsed since menarche (presented simply as age at menarche; Table. In the case of girls the same applies for postmenarcheal subjects over the age of 16.5 or 17.0 years who are still growing; they are looked up under age 16 5 years in Table 3 .1b or 16 0 years in Table 3 .2b. Premenarcheal girls over the age of 150 years present a problem because we had so few in our standardising group. Probably using the 14 5 years row in Table 3 .1a or 3.3a would be best, but this is not certain. There is a similar problem for girls who are postmenarcheal before age II .5 years. Probably the postmenarcheal 11 S5 line is best used, but the premenarcheal value at the correct age should also be consulted.
In the 1975 predictions we have subsidiary tables for older subjects, to be entered under bone age rather than chronological age. We think these should now be dropped. Application 
